Studies on the effect of sulphuric acid upon the sclerotial germination of Sclerotinia trifoliorum Eriks.
Results
The results of both methods in this study have differed somewhat in percentage of sclerotial germination, but they showed the same tendency.
The authors observed that some of the sclerotia which were treated with sulphuric acid formed one or two secondary small sclerotia outside the parental sclerotium, of the following three types: (1) the secondary small sclerotia were formed apparently as a pushing out of the tissue of the parental sclerotium, which is to say they had been covered by the black rind-tissue from the first; (2) they were formed from the white mycelial mass which grew out from the inner tissue of the parental sclerotium, to which the small daughter sclerotium adheres; (3) they were formed some distance (up to 1.5 cm) apart from the parental sclerotium, with which a connection could not be so clearly detected, but they were connected with the white mycelium. The secondary small sclerotia belonging to 2nd and 3rd types were white and globose at first, then gradually becoming from brown to black on the surface and growing to form the normal small sclerotia.
The number of the parental sclerotia which had formed these secondary small sclerotia are shown in Table 1 , B.
Sclerotial germination by formation of apothecia occurred (1) from the parental sclerotium directly (Table 1 , A); (2) from the parental sclerotium which had formed secondary small sclerotia (Table 1, C); (3) from the secondary small sclerotium in which the parental sclerotium was living and had not germinated (Table 1 , D); (4) from both the parental sclerotium and the secondary sclerotium (Table   1 , E); (5) from the secondary sclerotium in which the parental sclerotium had decayed (Table 1 , H).
The authors classified five types of germination of sclerotia as mentioned above, however, these types may be not so clearly distinct, since the differences between types 2 and 4, and between 3 and 5, might be differences in the stage of the development of the apothecia or of the secondary sclerotia.
In 1per cent solution using the filter-paper method, even after 7 hours treatment, the parental sclerotia germinated in 27per cent of the cases (Table 1 , A), but in 10 hours treatment this was reduced to 1per cent in parental sclerotium germination; but secondary sclerotia formed in about onethird of the sclerotia used (in the sand method the parental sclerotium germination was 20per cent, the secondary sclerotial formation was 28per cent).
In 3per cent solution, with 1 hour treatment, the parental sclerotium germination (hereafter this is briefly written PSG) was 41per cent and the secondary sclerotial formation (hereafter this is briefly written SSF) was 48per cent (in the sand method, 80per cent and 10per cent, respectively).
After 3 hours treatment, PSG was 1per cent, while SSF was 60per cent (in the sand method, 6per cent and 16per cent, respectively). In 5 and 7 hours treatments, no PSG occurred but SSF were 3 per cent and 1per cent, respectively (in the sand method, no PSG nor SSF occurred).
In 5per cent solution, with 1 hour treatment, PSG was 24per cent and SSF was 53per cent (in the sand method, 64per cent and 6per cent, respectively). After 3 hours treatment, no PSG occurred but SSF was 2per cent (in the sand method, 4per cent and 0per cent, respectively). In 5, 7 and 10 hours treatments no PSG nor SSF occurred (the sand method gave the same results).
In 10per cent solution, with 1 hour treatment, PSG was 4per cent, SSF was 50per cent (in the sand method, 42per cent and 0per cent, respectively). After 3 hours treatment, no PSG and nor SSF occurred (in the sand method, 6per cent and 0per cent, respectively). In 5, 7 and 10 hours treatments no PSG and nor SSF occurred (the sand method showed the same).
In 20per cent solution, with 1 hour treatment, PSG was 20per cent and SSF was 68per cent (in the sand method, 60per cent and 6per cent, respectively). After 3 hours treatment, there was no PSG, but 21per cent SSF occurred (in the sand method, 6per cent and 2per cent, respectively).
In 5, 7 and 10 hours treatments no PSG nor SSF occurred. Ltd., which were made by the junior auther in February, 1959).
II. Effect of sulphuric acid in various concentrations
on the sclerotial germination Table 1 . Effect of dilute sulphuric acid upon sclerotial germination.
Explanations for marks A-E refer to the text. Numbers in parenthesis show the results obtained with the sand method. F: Number of parental sclerotia of which the rind-tissue decayed and from which secondary sclerotia (=G) had been detached. G: Number of secondary sclerotia which had been detached from parental sclerotia of which the rind-tissue decayed. H: Number of germinated secondary sclerotia which had been detached (cfr. G.). K: Total number of parental sclerotia which germinated by apothecial stalk or apothecia. (A+C +D+E).
tendency as those in the filter-paper method of the first experiment.
In the treatments of 20 to 60per cent solutions, PSG did not occur in 20 and 30per cent solutions. But SSF occurred, and it was higher in the 30per cent than in the 20per cent solution. The total number of living sclerotia was greater in the more concentrated solutions, namely in 60per cent than in 30, 40 and 50per cent in 3 hours treatment. Apothecial formation was also higher in the more concentrated solutions in the same treatment time (Table 2 , L).
In 70 and 80per cent solutions, the total living sclerotia were not fewer than in the 60per cent solution and SSF was higher than in the 60per cent solution, but apothecial formation was less than in 60per cent solution in the same treatment time (Table 2 , L).
In 90 and 100per cent solutions, the higher the concentration and the longer the time of treatment, the fewer in number were the parental sclerotial germinations.
In 50per cent or more concentrated sulphuric acid treatments, the authors observed, during the washing period after the acid treatment, that the sclerotia in which the rind-tissue peeled off were more abundant in more concentrated solutions and in the longer treatments (Table 3) .
Though the number and degree of peeling of injured sclerotia were not so evidently different, except in 100per cent solution (see Table 3 ), they showed very distinct differences macroscopically among one another. However, no direct apothecial formation occurred from any sclerotia which were injured in even a slight degree. The injured sclerotia formed secondary sclerotia and then these subsequently germinated by apothecia.
The results of the germination study on these peeled sclerotia is shown in Table 3 .
III. Consideration
As be seen through the Tables 1 and 2 , one and three per cent sulphuric acid treatments for the sclerotia of Sclerotinia trifoliorum were of no practical value. Even though the 10 hours treatment of 3per cent solution prevented sclerotial germination, it is too long a time to treat practically the seeds of Astragalus sinicus and sclerotia.
In 5 and 10per cent solution, 1 and 3 hours treatments were of no practical value for treating sclerotia. 4, 5, 7 and 10 hours treatments prevented perfectly both PSG and SSF.
In 20per cent solution, 1 and 3 hours treatments were not effective for the sterilization of sclerotia.
In the first experiment, 5 hours treatment prevented PSG and SSF, but in the second one, it permitted 2per cent SSF, of which no PSG by apothecia. The sclerotia were completely killed in 7 and 10 hours treatments. A-H and K: The same as the Table 1 . I: Number of secondary sclerotia which formed apart from parental sclerotia. J: Number of germinated secondary sclerotia of which the secondary sclerotia were formed apart from parental sclerotia (cfr. I). L: Total number of sclerotia which germinated by apothecial stalk or by apothecia, including parental and secondary sclerotia (A+C+D+E+H+J). Table 3 . Peeling off of the rind-tissue of sclerotia by treatment with sulphuric acid, formation of secondary sclerotia by sclerotia in which the rindtissue were peeled off, and germination of these secondary sclerotia.
A: Number of parental sclerotia which formed secondary sclerotia. B: Number of parental sclerotia which decayed after formation of secondary sclerotia. C: Number of secondary sclerotia which were removed from the parental sclerotia after it decayed. D: Number of removed secondary sclerotia which subsequently formed apothecial stalks or apothecia.
gradually decreases its penetrating power, so that both decay of the rind-tissue of parental sclerotia and formation of secondary sclerotia increase. In 80per cent or more concentrated solution, by means of still greater corrosive power, there occurs increasing death of parental sclerotia and decreasing secondary sclerotial formation. The same relation between the penetrating and the corrosive actions of sulphuric acid was also reported by the junior author in the study on the seeds of Astragalus sinicus.
The authors did not actually study the mechanism of these actions, and it should be more critically studied in the future.
The authors did not actually study the primordia of the apothecia during the present study. They, however, noticed that the apothecial stalk originated from sclerotial tissue just below the rind-tissue of sclerotia. Thus the white sclerotial bodies which were formed by peeling off the rind-tissue of the parental sclerotia, and white secondary sclerotial bodies which were newly formed did not directly germinate by apothecial stalks.
Summary
1. This paper deals with the results of studies on the effect of sulphuric acid solutions upon the sclerotial germination of Sclerotinia trifoliorum Eriks.
2. In 5 and 10per cent sulphuric acid solutions, 1 and 3 hours treatments can not be expected to prevent sclerotial germination, but 4, 5, 7 and 10 hours treatments can be expected to sterilize sclerotia.
3. According to the concentration of sulphuric acid solution and the time of treatment, the treated parental sclerotia formed secondary small sclerotia of three types. In solutions higher than 20
per cent, there is a tendency for the increase of secondary sclerotial formation as concentration increases.
4. Decay of the rind-tissue of sclerotia occurs in higher percentages as concentration increases.
The injured sclerotia do not germinate directly, but form secondary sclerotia which germinate by apothecial stalks. 
